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It is conceivable that liability to pul-
monary complications following surgery is 
influenced by the volume of sputum pro-
duced in the postoperative phase. Some of 
the factors influencing the production of 
Sputum in these circumstances have there-
fore been studied with particular reference 
to the effect of length of anaesthesia 
and the presence of sputum before the 
operation. 
PLAN OF STUDY 
The senes comprises 33 patients, 18 females 
and is males, and it includes all the patients for 
Operation in tin ee surgical wards, with the excep-
tion of patients too ill to be postured preopera-
ftVely and of emergency cases 
All patients were seen befoie operation and 
taught breathing exercises and the technique of 
coughing, the importance of coughing and deep 
breathing postoperatively was explained and 
$tressed At this stage all weie postured once on 
16-mch blocks, lying for 10 minutes on each side 
Visit* by the physiotherapist were made once 
or twice daily postoperatively, but the patients 
were told to exercise and cough hourly, this 
routine was supervised by the nursing staff 
Posturing was not continued after opeiation 
unless ordeied by the medical officer 
F01 twenty-foui houis before operation the 
Sputum pioduced was collected in graduated jars 
and the total volume of sputum was recorded 
Twenty-foui hour sputum collections were con-
tinued for four days after operation and the 
volumes similaily recoided The preoperative and 
postoperative volumes over twenty-four hour 
periods are not directly comparable because the 
former were obtained with the aid of posturing 
The average age of the patient was 51*8 years, 
ranging from 16 to 80 years, 20 of them being 
qver 45 years Abdominal suigery was performed 
on 21 patients and pelvic surgery (without an 
abdominal incision) on five, the remainder had 
either a ladical mastectomy, thyroidectomy, dis-
section of glands of the neck, or an operation on 
a limb In every case the anaesthetic procedure 
was similai, namely thiopentone and a relaxant 
mtiavenously followed b) nitrous oxide 
The length of opeiation was derived fiom the 
hospital anaesthetic forms completed in the 
theatre by the anaesthetist Postoperative medi-
cation consisted of omnopon, pethidme or mor-
phine for twenty-foiu to thirty-six hours post-
opeiatively, usually grven "when necessary for 
pain" 
SPUTUM PRODUCTION AFTER OPERATION 
Attention may first be directed to the 
pattern of sputum production following 
operation (Table I) On the first day 31 
TABLE I 
Mean Daily Sputum Volume after Operation 
Day 
1 
2 
3 
4 
Total {4 days) 
Mean Volume and 
Standard Deviation 
(Milhhtres) 
12 4 ± 6 0 
26 4 ± 2 6 7 
22 1 ± 2 1 8 
20 3 ± i 3 4 
81 o±64 8 
Number of 
Cases* 
33 (31) 
33 (32) 
32t {31) 
32 {31) 
33 (32) 
* The number of patients actually producing sputum is shown 
in parentheses 
f One patient died 
of the 33 patients produced a mean volume 
of sputum of 12*4 ± 6*o ml On the second 
day the mean volume of sputum for the 
group was 26*4 ± -267 ml.; this difference 
is statistically significant, the standard error 
of the difference between the two means 
being 476. On the third day one patient 
died; and the mean volume of sputum for 
the ^2 patients on the remaining two days 
was 22-1 ± 2i*8 and 20*3 ± 13-4 ml. respec-
tively Thus a comparatively small amount 
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of sputum was produced on the first da\ 
(two patients failing to produce any) and 
a significantly greater volume was produced 
on the second day. The volumes of the 
following two days probably indicate a 
gradual decline in sputum production 
Further analysis of the results is based 
on the total volume of sputum produced 
over the four days of observation following 
surgery. The mean total volume of sputum 
for the group as a whole is 8i-o ± 64*8 ml. 
PosioPERwra SPUTUM PRODUCIION II\ 
RELATION TO THE LENGTH OF OPERATION 
To study the effect of the length of 
operation on the production of sputum in 
the postoperative phase, the series is 
divided into two groups: those with an 
anaesthetic duration of one hour or less 
(Group I 17 cases) and those with a 
duration of more than one hour (Group II • 
T6 cases) As can be seen from Table II 
TABLF 2 
Postoperative 'sputum Production in Relation to Length of Operation 
Mean age 
Smoking habits 
Number of patients 
with sputum pre 
operativelv 
Mean volume of 
s p u t u m p r e 
opera tively 
JMean volume of 
s p u t u m p o s t 
'opera avelv 
Group I 
(17 patients) 
Duration of anaes 
thesia 1 hour or 
less (mean dura 
tion 48 6 ± s 4 
mms ) 
58 6 
7 smokers averag 
mg 14 cigarettes 
dailv 
22 3 ml 
36 4 — 38 o ml 
Group II 
(16 patients) 
Duration of anaes 
thesia longer than 
1 hour (mean 
duration, 
117 4 + 36 o mms ) 
52 5 
6 smokers averag 
mg 12 cigarettes 
daily 
9 
26 7 ml 
107 1 or 68 5 ml 
the two groups are comparable in respect 
of age, sex, smoking habits and preopera-
tive sputum production. The mean volume 
of sputum produced after operation over 
the four days is 56*4 ± 38-0 ml. in Group I 
and 107-1 ± 68-5 ml. in Group II The 
difference between the two groups of 
50*7 ml. is statistically significant (standard 
error of difference between the two means 
is 20-2) . 
It has been shown that after high 
abdommal operations there is a reduction 
in vital capacity of 65 to 70% (Anscombe, 
1957), a reduction which may impair the 
efficiency of coughing. In this respect the 
two groups differ. Eight patients in 
Group I and 13 in Group I I had abdominal 
operations (Table I I I ) . In Group I the 
mean postoperative volume of sputum for 
those who had abdominal operations wa^ 
TABLE 3 
Postoperative Sputum Production m Relation to Duration and Site 
of Operation 
Number of cases with 
abdominal operation 
Mean volume of sputum 
postopera tively 
Number of cases with 
other than abdominal 
operations 
Mean volume of sputum 
postoperativelv 
Group I 
(One hour or 
less) 
8 
66 3 ml 
9 
47 6 ml 
Group II 
(Longer than 
one hour) 
13 
103 3 ml 
3 
123 3 ml 
66-3 ± 58*8 ml. and for the others, 47*6 
± 46-0 ml., a difference which does not 
leach statistical significance. The small 
numbers in Group I I (only three with non-
abdominal operations) do not allow a 
definite conclusion, although the site of 
operation seems to be exerting no significant 
effect 
To study this problem further, the cases 
have been regrouped into an abdommal and 
a non-abdominal series, irrespective of 
length of operation. The mean postopera-
tive volume of sputum is 89*3 ± 68-2 ml. 
for the abdominal group and 657 ± 58-4 
ml. for the rest (Table IV) a difference 
which does not reach statistical significance. 
Although comparable in other respects, the 
mean duration of anaesthesia is longer in 
the abdominal group (104*4 tnins., com-
TABLE 4 
The Relationship between Sputum Production and OperaHon Site 
Group I 
(21 patients with 
abdommal 
operations) 
Mean preoperative volume 
of sputum 
Mean duration of opera 
tion 
Mean p o s t o p e r a t i v e 
volume of sputum 
Group II 
(12 patients with 
non-abdominal 
operations) 
21 1 ml j 12 9 ml 
104 4 mms 57 5 mins 
89 3±68 2 ml 65 7±58 4ml 
pared with 57-5 mins.) In spite of this 
difference, the difference in postoperative 
sputum production is relatively small It 
may be concluded therefore that although 
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the site of operation may be exerting some 
effect on postoperative sputum production, 
its influence appears to be less than that 
of the duration of anaesthesia. More 
elaborate statistical analysis might clarify 
this point but for present purposes is 
not deemed necessary. 
The tendency for increasing length of 
operation to be associated with larger 
quantities of sputum produced afterwards 
is also illustrated by the statistically sig-
nificant correlation which exists between 
them ( r = 0-454). 
POSTOPERATIVE SPUTUM PRODUCIION IN 
RELATION TO T H E PRESENCE or SPUTUM 
PREOPERATIVELY 
The patients may again be divided into 
two groups: those with sputum preopera-
tively (Group I—19 patients) and those 
without sputum preoperatively (Group 
II—14 patients). 
In Group I the mean postoperative 
volume of sputum was 106-0 ± 68-4 ml 
(Table V ) . The 14 patients in Group I I 
TA.BLE 5 
Postoperative Sputum Production m Relation to the Presence of 
Sputum Preopet ahveh 
Group I 
(Mean volume of 
preoperative 
sputum 22 1 ml ) 
Group II 
(No preoperative 
«pututrO 
Number of cases 
Number of smokers 
Mean dailv cigarette con 
sumption 
Mean age 
Mean duration of anses 
thesia 
M e a n p o s t o p e r a t i \ e 
volume of sputum 
14 2 
6 years 
79 0 mms 
106 o 68 4 ml 
T o 
46 3 years 
94 3 mms 
l o i l 8 o ml 
produced a mean total volume of sputum 
after operation of 48-0 ± 18-0 ml. This 
difference is highly significant (standard 
eiror of the difference between the two 
means is 19*2) and it is relevant to note 
that it occurs in spite of the relatively 
shorter duration of anaesthesia in those 
with preoperative sputum. 
In Group I I only two patients smoked 
whereas in the group producing sputum 10 
patients smoked. However, this is signifi-
cant only as regards the reason for pre-
operative sputum (Table VI and see 
below) 
When only patients with sputum pre-
operatively are considered it is found that 
there is no significant correlation between 
the volume of sputum produced before and 
after operation (r = 0*144) ; but there is 
a highly significant correlation in this group 
between anaesthetic duration and postopera-
tive sputum volume ( r = 0-521). These 
findings suggest that it is the mere presence 
of sputum preoperatively, rather than its 
actual volume, which influences the amount 
produced after operation 
SMOKING IN REIATION TO POST-
OPERATIVE SPUTUM PRODUCTION 
Preoperatively only two of the 13 
smokers did not have sputum compared 
with 12 of the 20 non-smokers. This in 
itself strongly suggests a relationship 
between smoking and the presence of 
sputum. 
Postoperatively the difference in sputum 
production between smokers and non-
smokers (91-4-60-2 ml. and 74-1-64-3 ml. 
respectively) is relatively small and is not 
statistically significant (standard error of 
the difference between the two means is 
22-0) (Table V I ) . The mean duration of 
anaesthesia was the same in both groups 
(84 and 86 minutes respectively). 
TABLE 6 
The Relationship of Smoking to the Production of Postoperative 
Sputum 
Number of cases 
Mean age 
Number of patients with 
preoperative sputum 
Mean preoperative volume 
of sputum 
M e a n p o s t o p e r a t i v e 
volume of sputum 
Group I 
Smokers 
13 
(average daily 
cigarettes, 13) 
52 3 years 
IT 
24 5 ml 
91 4 ±60 2 ml 
Group II 
Non Smokers 
60 2 vear« 
8 
20 7 ml 
74 ±64 3 ml 
It may be concluded from this and the 
findings of the previous section that it is 
the presence of sputum preoperatively, not 
the subject's smoking habits, which exerts 
the greater effect on the quantity of spu-
tum produced after operation. As pre-
viously suggested, smoking may very well 
be concerned with the presence of sputum 
preoperatively and it therefore has an 
indirect effect. 
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DISCUSSION 
The production of sputum after an 
operation under general anaesthesia is 
almost the rule, as is shown by the finding 
in the present study that only one of 33 
patients produced no sputum in the first 
four days after operation. The volume of 
sputum produced over this period has been 
shown to be greater in patients who produce 
sputum preoperatively and m those sub-
jected to operations of greater duration 
For the series of patients investigated, and 
with the statistical methods used, smoking 
was not found to influence directly the post-
operative sputum volume, although it did 
so indirectly in that it was associated with 
a greater liability to the production of 
sputum before operation. Similarly, no 
definite effect of abdominal operations in 
increasing postoperative sputum volume 
was found, except insofar as these opera-
tions tend to be of longer duration. The 
possibility that smoking and the site of 
operation exert some influence is not 
excluded by the present findings and might 
be demonstrated in a larger series and with 
more elaborate statistical analysis. 
It is reasonable to assume that excessive 
sputum production in the first few days 
after operation increases the risk of pul-
monary complications and it is therefore 
pertinent to consider the means by which 
this hazard may be reduced. The duration 
of the operation is a factor which the 
surgeon invariably bears in mind for a 
variety of reasons. Cessation of smoking 
eliminates or greatly reduces cough and 
phlegm within a few days and this may well 
form part of the preoperative management 
of patients submitted to elective operations. 
Morton (1944) has shown that pulmonary 
complications after abdominal surgery in 
smokers of more than 10 cigarettes a day 
are six times more frequent than in non-
smokers or those smoking less than this 
Regular postural coughing or drainage will 
also reduce preoperative sputum produc-
tion. The findings in the present study 
suggest that this would tend to reduce post-
operative sputum production; a controlled 
trial to test this hypothesis is desirable It 
is, of course, possible that the volume of 
sputum produced postoperatively is less 
important m the development of pulmonary 
complications than its quality, and in par-
ticular on its viscosity or purulence. No 
note was made as to the nature of the 
sputum in the present study and this aspect 
also deserves investigation. 
Some postoperative sputum production 
must be accepted as inevitable and attention 
must therefore also be given to methods of 
causing it to be coughed up A relevant 
finding in this study was the small amount 
of sputum coughed up in the first post-
operative day, a fact which may be related 
to the observation of Wiklander and Norlin 
(1957) that most pulmonary complications 
occur within 36 hours Factors involved 
in the small volume of sputum produced in 
the early postoperative phase include 
reduced sensitivity of the cough reflex, pain 
in the region of the wound and limitation 
of respiratory movements with reduction 
of vital capacity (Anscombe, 1957) ; anal-
gesics may diminish pain but may also 
further reduce the cough reflex In these 
circumstances it is obviously an advantage 
for the patient to have been trained pre-
operatively in the technique of coughing 
and in breathing exercises. Wiklander and 
Norlin (1957) found a significant reduction 
in the incidence of minor chest complica-
tions with the use of breathing exercises, 
although the incidence of major complica-
tions was not significantly affected 
SUMMARY 
1 Thirty-two of 33 patients produced 
an average of 81 ± 64*8 ml of sputum in 
the first four days after operation under 
general ansesthesia. 
2 The mean volume of sputum produced 
on the first day (12-4 ± 6*0 ml.) was sig-
nificantly less than that produced on the 
second day (26-4 ± 26-7 ml.) * after this 
daily volumes tended to diminish gradually. 
3 Patients who had an operation lasting 
one hour or less produced a significantly 
smaller volume of sputum postoperatively 
than those who had an operation lasting 
more than one hour. 
4 The presence of sputum before opera-
tion was associated with a significant ten-
dency to produce more sputum post-
operatively 
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5. The influence of smoking was indirect 
in that it was related to the preoperative 
production of sputum but had no demon-
strable direct effect on postoperative 
sputum volume. 
6, The relevance of these findings to the 
development of postoperative pulmonary 
complications and their prevention is briefly 
discussed. 
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